INTRODUCTION
Soil micro-organisms and soil enzymes play a major role in soil fertility as these involve in the cycling of nutrients like carbon, nitrogen, phosphorus and sulphur, which are required for the plant growth. They are the sensitive biological indicators of soil quality evaluation because they can sensitively reflect minute changes in the soil environment. Soil microbial biomass is of great importance, because they play a crucial role in carbon flow, nutrient cycling and litter decomposition, which in turn affect soil fertility and plant growth (Bamboo et al. 2013) . Healthy population of bacteria, fungi and actinomycetes can stabilize the ecosystem. Any change in the population and activity may indirectly affect the nutrient cycling, which in turn affects the productivity, fertility and other soil functions (Wang et al. 2008) .Soil enzymes, the vital activators in life processes, are known to play a substantial role in maintaining the soil health and its environment. They are important in catalyzing several vital reactions necessary for the life processes of micro-organisms in soils and the stabilization of soil structure, the decomposition of organic wastes, organic matter formation and nutrient cycling (Dick, 1997) .
Soil enzymes provide a unique integrative biological assessment of soil function, especially those that catalyze a wide range of soil biological processes, such as dehydrogenase, urease and phosphatase (Nannipieri et al. 2002) . The dehydrogenase enzyme activity is commonly used as an indicator of biological activity in soils (Burns, 1978) . Phosphatase catalyzes hydrolytic break down of phosphor monoesters, thereby showing a high correlation between the content of soil phosphorus and an indicator of soil fertility. Urease is the enzyme A long-term experiment was commenced (2011) and conducted at the Research Farm of Dapoli (Maharashtra) during Kharif and Rabi season in ricegroundnut cropping system, to evaluate the effect of green manuring and different weed control measures on the survival and growth of total bacteria, total fungi, total free living nitrogen fixers and total phosphate solubilizers in rhizospheric soil. Results emerged out from the conduct during 2011 to 2014 indicated that, green manuring (in-situ application of Sesbania rostrata 45 DAS) and without green manuring (control) as a main plot treatment and among the weed control measures and sub plot treatments comprising, comparative effects of hand weeding, fixed herbicide pretilachlor (pre-emergence) for rice crop and pendimethalin (pre-emergence) for groundnut crop, and different rotational herbicides (for rice crop, pyrazosulfuron 0.030 kg/ha at 8-10 DAT (1 year), fenoxaprop -p-ethyl 0.056 kg/ha at 25-30 DAT (2 year), oxadiargyl 0.100 kg/ha at 0-5 DAT (3 year), and for groundnut crop oxadiargyl 0.12 kg/ha at 0-2 DAS-1 year, butachlor 1.0 kg/ha at 0-3 DAS-2 year, alachlor1.5 kg/ha at 0-3 DAS-3 year) application to both the crops were significantly tested along with weedy check. The results concluded that the green manuring significantly increased in microbial populations than without green manuring. There were no adverse effects of herbicidal use on all the estimated microbial population at all the stages of both the crops. In contrast to use of fixed herbicide pretilachlor-S 0.75 kg/ha for rice and pendimethalin 1.00 kg/ha and different rotational herbicides had no long-term adverse effects on rhizosphere micro-flora of rice-groundnut cropping system. that catalyzes the hydrolysis of urea to CO2 and NH4 + ions byacting on C-N non-peptide bonds in linear amides. It is an important enzyme in soil that mediates the conversion of organic nitrogen to inorganic nitrogen and has been widely used to evaluate the changes in soil fertility (Nazreen et al. 2012) .
Herbicide usage seems to be inevitable in transplanted rice, since weeds are the prime biological constraint due to the simultaneous emergence of rice and weed seedling, scarcity of labour and huge labour cost. A large numberof pre-and post-emergence herbicides are used by the farmers to control weeds in rice.
The pre-and post-emergence application of herbicides resulted in large proportion of herbicides reaching the soil and accumulating in top 0 to15 cm depth causing ecological damage (Latha and Gopal 2010) . Preferred herbicides should not only have good efficacy, but also pose minimum adverse effects to crop, ecology and environment (Constenla et al. 1990 ). The continuous use of herbicides with similar mode of action might lead to the development of resistance in certain weeds to the herbicides and cause shift in weed flora. One of the recent advent ways to overcome this problem is the use of different herbicide. The impact of different herbicides on soil enzymatic activity and microbial population has not been studied so far. Hence, a study was conducted with an objective to find out the impact of herbicide on bacteria, fungi, nitrogen fixer, phosphate solubilizers, microbial biomass carbon and basal soil respiration in rice-groundnut cropping system
MATERIALS AND METHODS
The field experiment was started on 2011 and conducted for four years study at the Research Farm of All India Co-ordinated Research Project on Weed Management under Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli (Maharashtra) for ricegroundnut cropping system. The experiment was conducted on Kharif rice (Ratnagiri-24) and Rabi groundnut (KonkanTapora) cropping system, which included eight treatment combinations laid out in a split plot design (SPD) with three replications. The main plot treatments included green manuring, viz. green manuring with Sesbania rostrata (in-situ application after 45 DAS) and without green manuring (control) while the sub-plot treatments included weed control measures such as hand weeding at 20 and 40 DAS, fixed herbicide pretilachlor-S 0.75 kg/ha 3-7 days after transplanting (DAT) for rice crop and pendimethalin 1.0 kg/ha PE (pre-emergence) for groundnut crop and different rotational herbicides (for rice crop, pyrazosulfuron 0.030 kg/ha at 8-10 DAT(1 year), fenoxaprop-p-ethyl 0.056 kg/ha at 25-30 DAT (2 year), oxadiargyl 0.100 kg/ha at 0-5 DAT (3 year), and for groundnut crop oxadiargyl 0.12 kg/ha at 0-2 DAS-I year,butachlor 1.0 kg/ha at 0-3 DAS-2 year, alachlor1.5 kg/ha at 0-3 DAS-3 year), weedy check. Rhizospheric soils were collected at 30, 50 days after sowing (DAS) and at harvesting stage of both the crops by uprooting of four plants from each plot and keeping the soil around root system intact. After removing the bits of plant roots and other debris, the soil strongly adhered to the roots was immediately used without drying for determination of biological property of rhizospheric soils.
The total bacterial population, total fungal population, free living nitrogen fixers and total phosphate solubilizers of rhizosphere soil were determined. The colony forming units (CFU) of bacteria were enumerated on nutrient agar-agar media by serial dilution technique for bacterial populations, Martin's rose Bengal agar media used for total fungal population (Martins 1950), Noories N-free media used for total free living nitrogen fixers (Noories 1959 ) and Pikovskaya's agar medium used for total phosphate solubilizing microorganisms (Pikovskaya 1948) . The relative equivalent yield (REY) was calculated by the mixture yields of a component crop expressed as a portion of its yields as a sole crop from the same replacement series is the relative yield of crop and sum of the relative yields of component crop. The experimental data were subjected to analysis of variances (ANOVA) and treatment means were compared, significant differences were tested at p=0.05 using split plot design (SPD) as given by Panse and Sukhatme (1985) using computer design DBSKKV_STAT.
RESULTS AND DISCUSSION

Effect of green manuring
The populations of all soil microbes were significantly influenced due to green manuring as compare to without green manuring (Tables 1-4) . Significantly higher microbial population were found in green manuring treatment as compared to the without green manuring at 30 DAS, 50 DAS and at harvesting stage in Kharif rice as well as in Rabi groundnut. The increase in microbial population with the incorporation of green manuring (sesbania) in soil due to addition higher biomass reflects higher microbial diversity in soil (Tilak 2004) . The green manures applied to the soils, it increases soil organic matter which helps to increased microbial populations, mineralization, enzymes assay and also maintain the soil C/N ratio (Tejada et al. 2008) .
Effect of weed control measure
In rice crop, the treatment weed free check (2 HW) significantly influenced all soil microbes' population except fungi, which were found to be significantly superior over fixed herbicide, rotational herbicide and weedy check at 30 DAS, 50 DAS and at harvesting stage. The bacterial populations were also found significantly less in fixed herbicide and the rotational herbicide as compared to weedy check at 30 DAS, which were found to be at par with weedy check at 50 DAS and at harvest (Table 1 and 2) . In respect of groundnut crop, the treatment of hand weeding twice caused significant increase in population of all soil microbes (viz. bacteria, nitrogen fixers, phosphate solubilizers, microbial biomass, basal soil respiration) except fungi population, which were noticed significantly superior than the both fixed and rotational herbicide and remain at par with weedy check at initial stage of 30 DAS, (Table 3 and 4). Microorganisms are able to degrade herbicides and utilize them as a source of biogenic elements for their own physiological processes. However, before degradation, herbicides have toxic effects on microorganisms, reducing their abundance, activity and consequently, the diversity of their communities (Adhikary et al. 2014) . The toxic effects of herbicides are normally most severe immediately after application, when their concentrations in soil are the highest. Later on, microorganisms take part in a degradation process, and herbicide concentration and its toxic effect gradually decline up to half-life. Then the degraded organic herbicide provides the substrate with carbon, which leads to an increase of the soil microflora (Bera and Ghosh, 2013 , Goveykar et al. 2014 , Kumar 2015 .The interaction effects of green manuring and weed control measures were found to be statistically non-significant.
Total relative equivalent yield of rice-groundnut cropping system
Effect of green manuring
The REY of rice-groundnut cropping system did not influence due to green manuring in whole pooled results. However, green manuring was recorded higher total REY of rice-groundnut cropping system than without green manuring ( Table 5) . 
Effect of weed control measures
As regard to the total REY of system, weed free check was recorded significantly higher yield over rest of the treatments during the years 2013, 2014 as well as in pooled results, while it was on the same level with fixed herbicide during the years 2011 and 2012. Among the use of fixed and rotational herbicide, significantly higher total REY of the ricegroundnut cropping system were obs recorded over weedy check, which remained at par with each other. The interaction effect between green manuring and weed control measures were found to be nonsignificant during all the years of experimentation and in pooled results. Effective weed control along with Note: Interaction between green manuring and weed control measures were non-significant during all the stages of observations
Dynamics of microbial community and enzyme assay as influenced by green manuring and weed control measures in ricegroundnut cropping system
higher total REY of the system by incorporation of green manuring to Kharif rice and application of pre emergence herbicide for rice and groundnut are confirmative with the present investigation. Singh et al. (2009) noticed that under dry seeding, higher grain yield was recorded with pre-emergence application of pendimethalin 1.50 kg/ha. The difference in yield might be due to differences in application mode and efficacy of herbicides against weed species. Similar results were obtained by Kaur and Singh (2015) under sequential use of pre-and post-emergence herbicides, resulting in more equivalent grain yield and net returns.
It can be concluded that the green manuring management practices stimulated significantly higher microbial soil health in respect to soil microbial populations, enzyme activities, soil microbial biomass carbon, CO2 evolution due to maximum contribution of organic matter as compared to the without green manuring in both the crops. The microbial soil indicators were not adversely affected by herbicides during all the stages of the Rabi groundnut and initially suppressed due to toxic effect of herbicides at initial stage (30 DAT) in rice crop during Kharif season. In option to getting higher productivity, application of fixed herbicide improves the total REY of the system.
